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Abstract       Leaf area distribution in a tomato canopy is important for 
maximizing plant photosynthetic capacity and protecting developing fruit from 
excessive exposure to solar radiation. The initiation of main leaves in tomato 
is regulated by environmental factors such as temperature,  light and nutrition. 
The aim of this work was to investigate the effect of four natural fertilizers on 
the leaf area of seedlings from three tomato hybrids. 
Under the application of treatments with Cropmax and poultry manure, the 
highest deviations between hybrids in terms of the leaf area have been 
manifested, while for the variants treated with Lithovit and Zoldpajzs the 
leaves development was not influenced by the genotype.  The seedlings of 
Alfred hybrid have used at a significantly higher level the treatments with 
poultry manure and Cropmax, registering an increase of leaf area from 65 to 
121% to other hybrids. The treatments with fertilizers have shown the highest 
effect on the development of foliage at the seedlings of Alfred hybrid. In the 
case of  ZFW738 hybrid, the treatment with poultry manure was significantly more 
effective with approximately 31 % to the treatment with Cropmax.   
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The foliage of mature tomato plants typically 

consists of leaves that are initiated from the apical 

meristem (referred to as main or “true” leaves) or from 

axillary meristems (referred to as axillary leaves or 

“suckers”) [5]. The initiation of main leaves in tomato 

is regulated by environmental factors such as 

temperature [11; 12],  light [8] and nutrition. Axillary 

leaf initiation and growth in tomato appears to be more 

precocious than for the main leaves [5; 14], and the 

factors involved in regulating axillary initiation and 

growth are not well understood. 

Leaf area distribution in a tomato canopy is 

important for maximizing plant photosynthetic 

capacity [15] and protecting developing fruit from 

excessive exposure to solar radiation [2]. 

The slow turnover of organic fertilizers may 

become a limiting factor for optimal crop productivity, 

particularly in greenhouse production where the 

nutrient requirements are higher than those of field 

crops, mostly due to increased yield which, in the case 

of tomatoes, can be up to ten times more inside the 

greenhouse compared to outside field conditions [7]. 

Tomato plants have high requirement, are heavy 

feeders, for macro-nutrient elements including 

potassium (K) and Calcium (Ca) and some 

micronutrients such as iron (Fe), manganese (Mn) and 

zinc (Zn) [1].  

A study by Hinman et al. (2012) revealed that 

without adequate supply of K and Ca for tomato plant 

uptake and utilization, tomato fruits will not 

accumulate soluble solids content (sugars) and will be 

susceptible to physiological disorders such as blossom 

end-rot. According to Jones (2008), smaller 

requirements of the elements Nitrogen (N), Magnesium 

(Mg), Phosphorus (P), Boron (B) and Copper (Cu) are 

also important for dry matter partitioning and fruit 

setting of tomato plant. 
The varying rates of poultry manure and NPK 

fertilizer applied to tomato plants significantly 

influenced the number of leaves per plant compared 

with the absolute control [9]. These findings are 

consistent with the findings of Dada and Fayinminnu 

(2010) who in different studies report that nutrients 

from mineralization of organic matter promote growth 

performance. 

In organic seedlings production, the 

management of water and nutrients is a technical aspect 

to be taken into account since organic fertilizers and 

amendments, like compost, release their nutrients in a 

mineral form over a longer period, compared to the 

nutrients availability guaranteed by chemical fertilizers 

[13]. 

The aim of this work was to investigate the 

effect of four natural fertilizers on the leaf area of 

seedlings from three tomato hybrids. 
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Material and Method 
 

The experience was organized in a two factors 

design with ten replications, using plots of 5 m
2
. The 

first factor was the natural fertilizers with four levels: 

Lithovit, Zoldpajzs, Cropmax and poultry manure. The 

second factor consists of three tomato hybrids with 

indeterminate growth: Alfred, ZFW738 and Falcato 

(De Ruiter Seeds -Monsanto). 

.The fertilizers have been applied  two times, 

using the following doses: Lithovit and Zoldpajzs 0.5 

%, 10 ml of fertilizers/ 2 l water, for spraying 50 m
2
; 

Cropmax 0.2 %, 4 ml of fertilizers/ 2 l water, for 

spraying 50 m
2
; poultry manure 250 ml diluted solution 

for each plant.  

 From each replication, the leaf area of 20 

representative seedlings was measured. The leaf area/ 

seedling has been measured based on the leaves 

dimensions, using shape coefficients. Data were 

statistically analyzed using analysis of variance 

procedure for two factors randomized block design. 

Means were compared using least significant 

difference test [1]. The significance of differences was 

expressed based on symbols (*,**,***; 
0
, 

00
, 

000
) and 

letters, being considered as significant the differences 

between variants marked with different letters. 

 
Results and Discussions 

 
Based on analysis of variance from Table 1 it 

is observed that both genotype and treatment with 

fertilizers had a real and statistically assured influence 

on leaf area, on the background of an inter-individual 

heterogeneity at the level of experimental design. The 

hybrids (28.07%) had lower effects to fertilizers 

(31.00%) on the variability of that trait. Also the 

combined effect of cultivar and treatments had a 

significant but lower (20.47%) influence, on the 

formation and development of leaves. 

 

Table 1 

Analysis of variance for the effect of treatment and cultivar  

on leaf area of tomato seedlings 

Source of variation SS DF MS F 

Total 14350.73 119   

Repetitions 2019.58 9 224.40 2.37* 

Treatment 1018.08 3 339.36 3.59* 

Cultivar 613.43 2 306.72 3.25* 

Cultivar x Treatment 1344.5 6 224.08 2.37* 

Residual 9355.14 99 94.50  

 
Given the unilaterally effect of treatment with 

different fertilizers, the leaf area (Table 2) registered a 

magnitude of 6.43 cm
2 
 with values between 50.55 cm

2
 

when using Zoldpajzs and 56.98 cm
2 

when using 

poultry manure respectively, on the background of a 

low variability (5.25%) between the results of the four 

fertilizers. Consequently, the application of treatment 

with poultry manure was the most effective, since it 

has enabled the achievement of significant increases 

from 9.75 to 12.72% in terms of leaves surface, 

compared to the results associated to the application of 

Lithovit and Zoldpajzs. The other treatments had 

significantly equally effects on the development of 

foliage at the seedlings of hybrids studied in this 

experience.

 

Table 2 

The effect of treatment on leaf area of tomato seedlings  

Treatment Leaf area (cm
2
) 

Relative 

values (%) 

Difference/ 

Significance 

Zoldpajzs - Lithovit 50.55 51.92 97.36 -1.37 

Poultry manure - 

Lithovit 56.98 51.92 109.75 5.06* 

Cropmax - Lithovit 54.09 51.92 104.18 2.17 

Poultry manure - 

Zoldpajzs 56.98 50.55 112.72 6.43* 

Cropmax - Zoldpajzs 54.09 50.55 107.00 3.54 

Cropmax - Poultry 

manure 54.09 56.98 94.93 -2.89 

LSD5%=4.98 cm
2
       LSD 1%=6.59 cm

2
      LSD 0,1%=8.51 cm

2 

 

http://www.klastorf.ro/productator/ProductsCatalog-BrandDetails/30
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The mean values of leaf area for the different 

hybrid included in the study (Table 3) submitted 

amplitude of 4.82 cm
2 

with limits from 50.64 cm
2
 at the 

seedlings of ZFW738 to 55.46 cm
2 

for the seedlings of 

Alfred, on the background of a low variability (4.53%) 

between the three cultivars. The seedlings of Alfred 

hybrid responded favorably to the applied treatments, 

achieving at the entire experience a significantly higher 

leaf area by approximately 8.7% compared to that 

recorded at ZFW738 seedlings. Also, in the case of 

Falcato hybrid it is observed that the leaf area of 

seedlings under the effect of fertilizer treatments was 

higher by 6.75% than at ZFW738 hybrid, without 

however that difference to reach the level of 

significance.

 

Table 3 

The effect of cultivar on leaf area of tomato seedlings 

Cultivar Leaf area (cm
2
) 

Relative 

values (%) 

Difference/ 

Significance 

ZFW738 - Alfred 50.64 55.46 91.31 -4.82
0 

Falcato - Alfred 54.06 55.46 97.48 -1.4 

Falcato - ZFW738 54.06 50.64 106.75 3.42 

LSD5%=4.31 cm
2
       LSD 1%=5.71 cm

2
      LSD 0,1%=7.37 cm

2 

 

Given the cumulative influence of cultivar and 

fertilizers on the foliage development (Table 4; Fig. 1) 

the lowest that differences between the seedlings of 

various hybrids are observed amid the application of 

Zoldpajzs, the treatment with Cropmax being situated 

on the opposite side, which was used at different levels 

by the seedlings from the experience. On the 

background of the application of treatments with 

Cropmax and poultry manure, the highest deviations 

between hybrids in terms of the leaf area have been 

manifested, while for the variants treated with Lithovit 

and Zoldpajzs the leaves development was not 

influenced by the genotype. 

 

  Table 4 

The effect of treatment and cultivar on leaf area of tomato seedlings 

Cultivar Treatment   

 
Lithovit Zoldpajzs 

Poultry 

manure 
Cropmax x

sx   S% 

Alfred y49.37a y48.57a x91.06a x92.82a 55.46+1.62 18.65 

ZFW738 xy50.77a x54.81a x54.98b y41.99b 50.64+1.72 20.20 

Falcato xy55.62a y48.28a xy54.90b x57.45b 54.06+1.75 20.76 

x
sx   51.92+2.09 50.55+1.42 56.98+2.01 54.06+2.21 53.39+0.97  

S% 22.04 15.40 19.29 22.40 19.74  

LSD5%=8.63 cm
2
       LSD 1%=11.42 cm

2
      LSD 0,1%=14.74 cm

2 

The differences between combinations marked with 

different letters being considered as significant.  

a,b,c- for the comparisons of hybrids; x,y,z- for the 

comparisons of treatments. 
 

Consequently, the seedlings of Alfred hybrid 

have used at a significantly higher level the treatments 

with poultry manure and Cropmax, registering an 

increase of leaf area from 65 to 121% compared with 

other hybrids. 
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Fig. 1. Leaf area of tomato seedlings for different cultivars and treatments 

The treatments with fertilizers have shown the 

highest effect on the development of foliage at the 

seedlings of Alfred hybrid, where it was registered a 

magnitude between 48.57 cm
2
 for Zoldpajzs and 92.82 

cm
2
 when using Cropmax. Therefore, the application of 

poultry manure and Cropmax caused a significantly 

upper increase of the leaf area with 84-88 % compared 

to the treatments with Lithovit şi Zoldpajzs. 

In the case of  ZFW738 hybrid, the treatment with 

poultry manure was significantly more effective with 

approximately 31 % to the treatment with Cropmax, 

according the effect on the development of foliage. The 

seedlings of Falcato registered under the treatment with 

Cropmax a leaf area significantly higher with 14 % to the 

results of the Zoldpajzs treatment. 

At all three hybrids, the treatments with 

Zoldpajzs and Lithovit have shown significantly 

equally effects on the development of seedlings 

foliage. 

 
Conclusions 

 

1. Both, genotype and treatment with 

fertilizers had a real and statistically influence on leaf 

area. The hybrids (28.07%) had lower effects to 

fertilizers (31.00%) on the variability of that trait. Also 

the combined effect of cultivar and treatments had a 

significant but lower (20.47%) influence, on the 

formation and development of leaves; 

2. The application of treatment with poultry 

manure was the most effective, since it has enabled the 

achievement of significant increases from 9.75 to 

12.72% in terms of leaves surface, compared to the 

results associated to the application of Lithovit and 

Zoldpajzs; 

3. The seedlings of Alfred hybrid responded 

favorably to the applied treatments, achieving at the 

entire experience a significantly higher leaf area by 

approximately 8.7% compared to that recorded at 

ZFW738 seedlings; 
4. Under the application of treatments with 

Cropmax and poultry manure, the highest deviations 

between hybrids in terms of the leaf area have been 

manifested, while for the variants treated with Lithovit 

and Zoldpajzs the leaves development was not 

influenced by the genotype; 

5. The seedlings of Alfred hybrid have used at 

a significantly higher level the treatments with poultry 

manure and Cropmax, registering an increase of leaf 

area from 65 to 121% to other hybrids; 

6. The treatments with fertilizers have shown 

the highest effect on the development of foliage at the 

seedlings of Alfred hybrid. 

7. In the case of  ZFW738 hybrid, the treatment 

with poultry manure was significantly more effective with 

approximately 31 % to the treatment with Cropmax. 
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